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PCRTo accurately and precisely estimate the allele frequencies in DNA pools for a cost-effective approach to
correlate genetic variations to phenotypic traits, we exploited differential melting kinetics between
restriction fragment length polymorphic DNAs. The allele frequencies of two SNPs in a series of DNA
mixtures with known allelic compositions of the SNPs were determined by analyzing the meltings of
restricted PCR amplicons, yielding a result with a root mean square error (RMSE) of 0.014 relative to the
expected values and a standard deviation (SD) of 0.018 from triplicate measurements. This method was then
applied in the measurement of genotype frequencies in DNA pools in which varying numbers of genomic
DNAs were intermingled while maintaining uniform quantitative contribution. Analyses of 10 SNPs
demonstrated the feasibility of this method in an economical and highly accurate manner as the results
yielded an RMSE value of 0.027 and a SD of 0.019.
© 2009 Elsevier Inc. All rights reserved.Introduction
Single nucleotide polymorphism (SNP) is the most common
variation encountered in the human genome, occurring once in less
than 1000 base pairs and accounting for more than 90% of genetic
variations [1]. Some of these genetic variations have the potential to
give rise to different phenotypic consequences by altering the protein
structure and/or the gene expression patterns in terms of level, place
and/or time depending on the placement of SNPs on the genome [2,3].
SNPs may not give rise to any phenotypic variations but act as
surrogate for those functional variations as being in linkage
disequilibrium, enabling one to exploit those variations to associate
a limited chromosomal segment to given phenotype. Therefore, with
the unveiling of the human genomic architecture at the level of the
nucleotide sequence, correlating phenotypic diversity to genetic
variations is of the utmost priority. Development of high density
genome-wide SNP chips has facilitated the large-scale genome-wide
association (GWA) studies on many complex traits such as diabetes,
hypertension, and obesity [4–7]. Although signiﬁcant advances have
been achieved in understanding human traits on a genetic basis with
this platform, large expenditures in exploiting this platform pose
major obstacles to many researchers.
As an alternative approach, individual genomic DNAs in the same
phenotypic group were pooled together while maintaining the
equimolarity between the constituent DNAs [8]. The allelic constitu-ll rights reserved.tions of SNPs of interest in each pool are subsequently determined for
association to given phenotypic trait(s). Although this approach is
limited to those who want to assay relatively small numbers of
genetic maker in large samples, it greatly reduces the cost and time
required for analyzing large amounts of samples with which sufﬁcient
statistical power is assured. However, in order to establish the
credibility of this form of analysis, concerns regarding two critical
points should be addressed. First, the genomic DNAs to be pooled
should be dispensed in the same ﬁxed amount to assure even
contribution of each quantitatively to the pool. Genomic DNA
solutions are highly viscous and often contain impurities, which
causes their quantiﬁcation using a spectrophotometric way inaccu-
rate. In order to minimize these inaccuracies, a protocol including
repeated dilutions, ﬂuorimetric measurements employing DNA
binding dye, and marker ampliﬁcation prior to pooling has been
formulated [9].
The next aspect to be considered is the accurate and precise
determination of the allelic proportion of the SNPs in the pool. Various
molecular procedures have been executed to this end. The common
approach is determining the relative amount of nucleotides at the
polymorphic position that has been added to the 3′ end of a primer
placed immediately next to it. The methods of choice for this
procedure include Pyrosequencing, Maldi-TOF analysis, and SNaPshot
(Applied Biosystems) [9–11]. These methods generate peaks
corresponding to the nucleotides at the polymorphic position, the
area or height of which is then comparably measured to determine
the allele frequencies.
In the present study, we considered another methodological
approach in the determination of allele frequencies in pooled DNAs.
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analysis for allele quantitation (MAAQ for short) using hybridization
probes with the capability of ﬂuorescence resonance energy transfer
(FRET) on the SNP locus [12]. Instead of using FRET probes, we
differentiated the melting between the SNP alleles by exploiting the
restriction fragment length polymorphism (RFLP) for MAAQ. This
modiﬁcation greatly reduces the cost for obtaining FRET probes when
analyzing large amount of SNPs. In addition, we modiﬁed the original
equation for allele frequency determination from the melting data in
order to minimize the potential error from the noise in the curve. We
thereby present a MAAQ method that efﬁciently calculates the SNP
allele ratios in the pooled DNA with low cost and a simple procedure.
Results
The modiﬁed version of allele frequency determination in a mixture
reduces the calculation complexity and potential error from the noise
in the melting curves
The difference in melting patterns of a FRET probe spanning the
dimorphic nucleotide of two otherwise identical DNAswas utilized for
determining the proportion of each polymorphic DNA in the mixture.
Jeong et al. formulated two equations for calculating the allelic
contributions to a dimorphic DNA mixture using the melting curve
data [12]. The ﬁrst equation incorporates the normalized ﬂuorescence
values of two references containing pure allele only and those of a
mixture at two temperature points to yield the allele frequencies in
the mixture. The other one is derived for correcting the bias in the
allele frequencies obtained from the ﬁrst equation, as the values of an
equimolar mixture deviate from the expected value of 0.5 due to
unequal preference of the FRET probe to polymorphic DNAs.
A simpler version of the ﬁrst equation, which uses the ﬂuorescence
value at only single temperature point, was also derived as below.
Considering the normalized melting curves of three DNAs, two pure
DNAs A and Bwith differentmelting behaviors, and amixture of them,
A+B, where the highest and lowest ﬂuorescence values of each DNA
in their melting curves were converted to 1 and 0, respectively, and
others are converted proportionally, the proportion of DNA A (γA) in
the mixture A+B can be calculated from the equation;
γA =
γ dsMixð ÞN − γ dsBð ÞN
γ dsAð ÞN − γ dsBð ÞN
ð1ÞFig. 1. Representative melting curves for two polymorphic DNAs and a mixture of them after
the DNA meltings of three DNA samples were plotted against the temperature. Each sampl
dotted line) or both of them (A+B, dashed line). (B) Each melting curve in A. was redrawn
the melting curve were converted to 1 and 0, respectively, and others are converted prop
remaining at a given temperature.where, γ(dsA)N, γ(dsB)N and γ(dsMix)N denote the normalized
ﬂuorescence value of DNA A, B and A+B, respectively, at temperature
N (Fig. 1). This equation indeed demonstrates that the proportion of
DNA in the mixture is deﬁned by the ratio of distances in the melting
curves formed by the two reference DNAs and the DNAmixture at any
single temperature point. The γA values obtained from any temper-
ature points are ideally kept at a constant value. However, at a
temperature range where the melting curves differentiate from or
converge to each other, γA can lose its consistency as small noises in
the curve at this region cause large errors. Therefore, we give more
weight to the γA values obtained at the temperature points that better
differentiate the ﬂuorescence values of the two reference DNAs.
Each γAN was thus weighted as much as the proportion of the
distance between the two references at temperature N in the total
distance obtained by summing up every distance throughout the
temperature range. The resulting γ(A)N with weight (ωN), γ(A)N∙ ωN,
was summed up to yield the a new expression of γ(A)w for the
frequency of A in the mixture.
γAw =
X
γAv · ωm =
P
γ dsMixð ÞN−γ dsBð ÞNP
γ dsAð ÞN−γ dsBð ÞN
ð2Þ
This equation demonstrates that the proportion of A in the mixture is
thus obtained by the ratio of areas, that is, the area surrounded by the
melting curves of DNAs B and A+B over the area surrounded by the
melting curves of DNAs A and B.
MAAQ can utilize the melting differences of RFLP DNAs after restriction
for allelic ratio determination
Many SNPs can constitute RFLPs autonomously or with the aid of
a mismatch carrying oligo-nucleotide primer after PCR ampliﬁca-
tion. Restriction of RFLP DNAs resulted in the differentiation of DNA
melting patterns due to differed DNA sizes between polymorphic
DNAs. We tested the applicability of this melting difference in the
allele quantitation by using the RFLPs on the ABO gene locus. Most
of the O allele type carries a single nucleotide deletion instead of
the G nucleotide in the exon 6, constituting a SNP (rs8176719) and
an RFLP (GTGAC/GT-AC) for the RsaI restriction enzyme [13]. B
allele is also distinguished from the other allele types by the G
nucleotide in the SNP position, rs8176749 (A/G), located on exon7
which also constitutes an RFLP for Fnu4HI (GCTGC/ACTGC).restriction digestion. (A) The background adjusted ﬂuorescence values acquired during
e contains the DNA either sensitive (A, solid line), resistant to a restriction enzyme (B,
after the normalization of ﬂuorecence values for which the highest and lowest values of
ortionally, transforming the Y axis to represent the proportion of double-stand DNA
Table 1
DNA melting analysis accurately determines the allele frequencies by exploiting the RFLPs.
B/O A B C D E F G H I J K
10/0 9/1 8/2 7/3 6/4 5/5 4/6 3/7 2/8 1/9 0/10
rs8176719 (–) 0.000 0.099 0.176 0.281 0.378 0.503 0.609 0.713 0.819 0.905 0.967
(0.004) (0.042) (0.028) (0.024) (0.016) (0.015) (0.010) (0.023) (0.001) (0.018) (0.028)
rs8176749 (G) 0.000 0.097 0.204 0.300 0.390 0.503 0.592 0.678 0.803 0.897 0.972
(0.003) (0.014) (0.041) (0.012) (0.007) (0.016) (0.013) (0.011) (0.016) (0.022) (0.025)
DNA mixtures containing known amount of two gemomic DNAs homozygous for either O or B genotype on the ABO gene were quantitatively analyzed for the frequencies of
restriction sensitive alleles of the SNPs, rs8176719 and rs8176449. A and K are the pure genomic DNAs homozygous for O and B genotypes, respectively. F is a mixture containing
equal volumes of A and K for provision of a bias correction reference. Standard deviations from triplicate measurements are presented in parentheses. RMSE, root mean square error.
RMSE: 0.016 for rs8176719, 0.012 for rs8176749.
357H. Yu et al. / Genomics 94 (2009) 355–361Therefore, we attempted to determine the relative proportions of
the O or B allele by use of those RFLPs in a set of mixtures prepared
from two genomic DNAs with different ABO genotypes, OO and BB
(Table 1).
With an aliquot of each sample in the mixture set, two SNP loci
were separately ampliﬁed and subsequently subjected to the
restriction reaction with the corresponding enzyme. Melting curve
data of the processed DNAs were input to the equation describedFig. 2. Representative melting curves for restricted PCR amplicons of two allele mixtures
arrangement of melting curves according to the allele frequencies in the mixture closely reﬂ
regression line was acquired from the measured and expected allele frequencis for each SNabove and the bias correction equation, as previously described, to
yield the allelic contribution to each sample. The representative
melting curves for both SNPs are presented in Fig. 2A. The fractions of
O allele type in the mixtures obtained from the MAAQ analysis on
both SNPs are presented in Table 1 and are plotted against the
expected values to yield regression lines. The slopes of the lines were
1.007 and 0.983, and the r2 values were 0.998 and 0.999 for
rs8176719 and rs8176749, respectively (Fig. 2B).and the allele frequencies from the MAAQ are ploted for two SNPs. (A) The ordered
ects the resolving power of and the quantitative property of DNA melting. (B) A linear
P. The slops and R square values are presented in the plots.
Table 2
Quatitative determination of allele frequencies in the DNA pools demonstrates the relative efﬁciencies of two different pooling procedures, spectrophometric and qcPCR methods.
Pooling
method
Pool
replication
Rs8176719 (–) rs8176749 (G)
Pool A (0.792) Pool B (0.417) Pool C (0.545) Pool A (0.917) Pool B (0.875) Pool C (0.917)
Nano 1st 0.852 (0.011) 0.395 (0.003) 0.515 (0.003) 0.905 (0.010) 0.867 (0.010) 0.911 (0.010)
2nd 0.775 (0.009) 0.420 (0.019) 0.548 (0.018) 0.916 (0.004) 0.872 (0.014) 0.928 (0.004)
qcPCR 1st 0.833 (0.008) 0.399 (0.008) 0.545 (0.010) 0.900 (0.017) 0.875 (0.016) 0.915 (0.014)
2nd 0.795 (0.006) 0.426 (0.017) 0.560 (0.028) 0.922 (0.010) 0.882 (0.014) 0.940 (0.004)
Each pooling procedure consists of a replicate of three small scale DNA pools from which the allele frequencies of two SNPs were determined. From the individual genotyping,
expected allele frequencies in each pool were acquired and compared with measured values. Standard deviations from triplicate measurements are presented in parentheses. RMSE,
root mean square error.
RMSE: 0.025 for Nano set, 0.010 for qcPCR set.
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cost-efﬁcient and reliable method
In order to validate the applicability of the MAAQ method to the
analysis of DNApoolswith respect to the allelic ratio determination for
SNPs of interest, we constructed two sets of DNA pools according to
DNAquantiﬁcation procedures. As illustrated in Supplementary Figure
1A, 36 genomic DNA samples were each genotyped for the SNPs
rs8176719 and rs8176749 on the ABO locus and were spectrophoto-
metrically quantiﬁed using a Nanodrop ND-1000. After adjusting the
concentration of eachDNA to 50ng/μl, equal volumes from the 12DNA
solutionswere then removed to a fresh tube to construct a DNApool. A
replicate of three DNA pools was made for the set of spectro-
photometic quantiﬁcation (Nano set). In order to seek a better
means of assuring quantitatively equal contribution of each DNA to
the pool, DNA samples were compared by quantitative competitiveTable 3
Allele frequencies for 10 SNPs in a triplicate of DNA pools constructed with 36 genomic DN
SNP ID Location
(Mb)
RFLP
Polymorphism Enzyme
rs8176719 Ch9: 135.1 GT-AC
GTGAC
RsaI
rs8176749 Ch9: 135.1 GCTGC
ACTGC
Fnu4HI
rs2241079 Ch2: 201.2 CCTGG
CTTGG
BstNI
rs12700795 Ch7: 26.8 GGCC
GGCG
HaeIII
rs878403 Ch2: 51.8 GTAC
GCAC
RsaI
rs3811658 Ch3: 135.0 GGCC
GGTC
HaeIII
rs563838 Ch11: 116.7 GGACC
GAACC
AvaII
rs1909116 Ch3: 42.1 AGCT
AACT
AluI
rs2522829 Ch7: 27.0 GTAC
CTAC
RsaI
rs4601751 Ch11: 2.1 GAGTC
GAGTT
HinfI
The chromosomal location of each SNP is presented based on the reference assembly. Polymo
RLFP. Exp, expected frequencies of restriction sensitive allele as determined from individu
method. RMSE, root mean square error.
RMSE: 0.029 for Nano set, 0.025 for qcPCR set.PCR (qcPCR). 1 μl of each DNAwas subjected to PCR ampliﬁcation for a
region on the POU5F1 gene under the presence of a certain amount of
competitor. The PCR competitor has been generated by putting a single
base substitution to a PCR amplicon by using single-mismatch carrying
PCR primer. The ratio of the genomic target to the competitor was
determined for each DNA by MAAQ using a set of FRET probes. A
replicate of three DNA pools having the same sample composition as
those in the Nano set were constructed based on the qcPCR results
(qcPCR set) (data not shown). A ﬁxed amount of each genomic DNA
based on each measurement was visually analyzed by gel electropho-
resis (Supplementary Figure 1B).
The allelic frequencies of O genotype, the single nucleotide
deletion for rs8176719, and B genotype, the G nucleotide for
rs8176749, in each pool were then determined by MAAQ on the
corresponding PCR amplicons and the values were compared with
the expected frequencies (Table 2). The RMSE values of pools in theAs were accurately and reliably determined through the MAAQ method.
Exp Pool
replication
Obs
Nano qcPCR
0.583 1st 0.601 0.615
2nd 0.580 0.583
3rd 0.573 0.567
0.903 1st 0.912 0.908
2nd 0.887 0.885
3rd 0.887 0.887
0.542 1st 0.547 0.573
2nd 0.507 0.544
3rd 0.513 0.554
0.597 1st 0.601 0.602
2nd 0.593 0.587
3rd 0.573 0.600
0.861 1st 0.878 0.860
2nd 0.851 0.852
3rd 0.828 0.787
0.583 1st 0.535 0.607
2nd 0.624 0.602
3rd 0.644 0.608
0.347 1st 0.304 0.332
2nd 0.399 0.372
3rd 0.415 0.409
0.583 1st 0.588 0.614
2nd 0.611 0.601
3rd 0.559 0.588
0.583 1st 0.599 0.585
2nd 0.565 0.573
3rd 0.578 0.575
0.556 1st 0.534 0.532
2nd 0.575 0.566
3rd 0.564 0.597
rphic nucleotides are denoted with underlined letters in a sequence context composing
al genotyping; Obs, experimentally determined allele frequencies through the MAAQ
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qcPCR method as a slightly better alternative in terms of
quantiﬁcation for DNA pool construction. Notably, the averaged
standard deviation from triplicate measurements by the MAAQ was
0.011, a value that demonstrates the reliability of this quantitation
method.
The same amount of DNA from the pools was then applied in each
set and a triplicate of single DNA pool consisting of 36 genomic DNA
was constructed for each quantiﬁcation method. The allele frequen-
cies of the two SNPs on ABO locus and an additional 8 SNPs on
diverse chromosomal locations were subsequently determined from
these larger DNA pools via the MAAQ method. The expected allelic
frequencies of the restriction sensitive alleles for the subjected SNPs
were obtained by individually genotyping each SNP from 36 genomic
DNAs (see Supplementary Table 1). MAAQ measurement of the pools
for the frequencies of restriction sensitive alleles in ten SNP loci
yielded the values shown in Table 3. The root mean square error
(RMSE) values after the measurement of ten SNPs were 0.025 and
0.029, and the averaged SDs were 0.020 and 0.017 for the qcPCR and
Nano pools, respectively. For further validation of this method, The
DNA numbers for pool construction were increased to 89 and 196
samples (pool S and pool L, respectively) based on spectrophoto-
metric quantitation, and the allele frequencies of the two SNPs on
ABO locus in the DNA pools were subsequently determined. The
expected frequencies of the restriction sensitive alleles for rs8176719
and rs8176749 were determined to be 0.589 and 0.800 in pool S
and 0.552 and 0.763 in pool L, respectively, through individual
genotyping. The MAAQ measured these allele frequencies for
rs8176719 and rs 8176749 as 0.562 and 0.781 in pool S and 0.526
and 0.783 in pool L, respectively. This measurement yielded an
RMSE value of 0.023.
Discussion
In this study, we validated that an RFLP can efﬁciently be exploited
in determining the relative quantities of polymorphic DNAs through a
MAAQ. This assay method was originally developed for allele
frequency determination by utilizing the differential melting of a set
of hybridization probes mediating the FRET through duplex DNA
formation with complementary DNA. One FRET probe spans a SNP,
thereby differentiating the temperature at which it melts depending
on the completeness of duplex formation. By the same analogy, the
restriction of RFLP DNAs with a corresponding enzyme leads to size
differentiation of two polymorphic DNAs, which accordingly accom-
panies the differentiation of their melting behaviors, a necessary
element for the MAAQ. Through example analyses for the allele
frequency determination in a set of the mixtures of two RFLP DNAs,
we showed that this melting difference can be exploited to carry out
the MAAQ. The accuracy of this analysis was supported by the very
low RMSE values (0.016 and 0.012 for rs8176719 and rs8176749,
respectively) ofmeasured values relative to the expected values. Thus,
with a device that can perform this type of DNA melting with a
gradual temperature increment, this approach can be used for the
quantitation of DNA via competitive PCR in a cost-efﬁcient manner.
Moreover, SNPs that do not constitute any RFLP can easily be
transformed into RFLP DNA through the use of a mismatch carrying
PCR primer as is the case in the analysis of the SNP, rs563838, for
which the reverse primer BACE1-16R was designed to substitute for
the third-to-last nucleotide from T to G to constitute a RFLP to the
AvaII restriction enzyme. Although it is yet to be sufﬁciently veriﬁed
whether equal ampliﬁcation efﬁciency is ensured, this type of PCR
conﬁguration would allow analysis of most SNPs by MAAQ.
We next considered the potential use of this approach in the
association analysis using DNA pools. Determining the genetic
constitution in pooled DNA is attractive due to its high throughput
and economical and fast nature. Various methods have been utilizedfor allele frequency determination in DNA pooling approaches.
Although each methodology offers respective advantages, they are
accompanied drawbacks such as limited availability of speciﬁc
instruments. In the present work, we have shown that MAAQ can
also be applied as an allele quantitation method, thus expanding the
availability of DNA pooling approaches in association studies. Our
method is turned out to be very reliable and accurate in the analysis of
DNA pools as supported by the small RMSE and SD values. However it
should be emphasized that the genotypes of selected SNPs through
DNA pooling approach needs to be conﬁrmed in amore precise way as
it inevitably incorporate errors.
In addition, our study suggests that the quantitation of genomic
DNAs for pool construction would not necessarily be as stringent to
ensure equimolarity of constituent DNAs in the pool as proposed
elsewhere [8]. Among the two sets of DNApools that 12 genomic DNAs
were mixed into, the qcPCR set prepared with qcPCR quantitation
showed slightly better values than the Nano set prepared by the
spectrophometric method. However, neither of the quantitation
methods was found to be qualitatively advantageous in the analysis
of DNA pools constituted with 36 genomic DNAs. This was further
supported by the low RMSE value (0.023) from the analysis of the
larger DNA pools that were constructed on a spectrophotometric
quantitation basis with 89 and 196 genomic DNAs in the two cases.
This appears to reﬂect that the quantity deviations of constituent
genomic DNAs are canceled out. However we still note the possibility
that the quality of our samples is extraordinarily pure and/or
homogeneous as theywere prepared by a couple of skilled researchers
using the same procedures and reagents, which might have over-
looked the signiﬁcance of DNA pooling procedure as proposed
previously. Therefore, if the sample numbers for the pool construction
are sufﬁciently large and the preparation quality is well assured, pool
construction based on one-time quantitation spectrophometrically
would provide qualitatively applicable DNA pools.
MAAQ requires three melting references for the analysis, two pure
allele only references and an equilmolar mixture of two alleles. The
latter reference is necessary for the correction of bias where one allele
is overrepresented in the allele mixture from the initial melting curve
data calculation. In a MAAQ using a set of FRET probes, this would
occur when the sensor probe spanning the SNP prefers an allele with
perfect complementarity over an allele that creates a mismatch after
annealing. The MAAQ utilizing the RFLP system still accompanies
similar bias of unequal representation between two RFLP alleles. PCR
ampliﬁcation of DNAs containing RFLP alleles inevitably generates
some amount of heteroduplexes formed by two different alleles,
which become resistant to the restriction in the subsequent enzyme
reaction and lead to underrepresentation of the restriction sensitive
allele. In line with this, our equimolar reference, for which we use a
genomic DNA heterozygous for O and B allele types, yielded about a 20
percentile higher representation of the restriction resistant allele
through calculation with Eq. (2) (data not shown). However, this bias
was efﬁciently corrected by use of a bias correction equation utilized
in the original MAAQ report, as our data on allele frequency
determination accurately reﬂected the real frequencies (see Fig. 2B).
It should also be noted that MAAQ is a post PCR procedure that
requires restriction digestion of PCR amplicons and subsequent
comparison of them in the separate tubes. DNA melting is inﬂuenced
by various factors including salt, temperature, and the DNA itself to be
melted. Therefore it is important to maintain the conditions for those
factors equal to all samples under the comparison during the
ampliﬁcation and the subsequent melting analysis. In line with this,
we were not able to get good result from the pilot study performed on
the platforms adapting the thermal blocks probably due to the well-
to-well variations for heating temperatures. We also recommend
being careful of the TM values of restricted and unrestricted PCR
amplicons when designing PCR primers. To get better melting curve
for MAAQ, the TMs of two restricted DNA fragments are recom-
360 H. Yu et al. / Genomics 94 (2009) 355–361mended to be in similar range but to be different from the uncut DNA
by more than 4 °C.
MAAQ is a quantitation method to determine the proportion of
DNA that is distinguished from the other DNA in a mixture by
differential melting. Here, we achieved differential melting between
two polymorphic DNAs through the use of RFLP, and the present data
demonstrates the successful utilization of RFLP in the MAAQ.
Moreover, exploiting the low-cost of a post PCR process, i.e. via the
simple enzyme digestion, we presented a procedure for association
analysis using DNA pools via the MAAQ of RFLP DNAs. The high
efﬁciency, affordability and simplicity of this procedure offer an
attractive method to those who wish to quantitate DNAs via
competitive PCR or conduct association analyses for large samples
with small cost.
Materials and methods
Genomic DNA preparation
Genomic DNAs were isolated from peripheral blood samples that
were collected from donors who provided informed consent. After
quantitation with a Nanodrop ND-1000, genomic DNAs were diluted
to a concentration of 50 ng/μl. Diluted DNA (10 μl) was removed from
each sample to a fresh tube to construct a DNA pool with demanding
size. Three pools with size of 12 genomic DNAswere constructed from
36 genomic DNAs for a spectrophotometric quantitation set (nano
set). Diluted genomic DNAs underwent additional quantitation using
a competitive PCR (see below). Same amount of genomic DNAs based
on competitive PCR quantitation were then used to construct another
set of DNA pools consisting of 12 genomic DNAs per pool (qcPCR set).
DNA pools containing 36 genomic DNAs were also constructed for
Nano and qcPCR set. Pools of larger scales (89 and 196 genomic DNAs)
were composed by putting 50 ng of each DNA sample together.
PCR
PCR ampliﬁcation for genotyping and MAAQ quantitation of
subjected SNPs was performed with 10–50 ng of genomic DNAs
using the primers, ABO-1F (5′-GTGCAGTAGGAAGGATGTCC-3′) and
ABO-10R (5′-GTGCCCTCCCAGACAATG-3′) for rs8176719, and ABO-11F
(5′-TGTGGCACGACGAGAGCCA-3′) and ABO-8R (5′-AGAG-
CACCTTGGTGGGTTTG-3′) for rs8176749, CLK-1F (5′-CATCTAACTACTC-
CTGACTGGTG-3′) and CLK-2R (5′-GCAGTAAGATGGACATTCAGGAA-3′)
for rs2241079, HoxA-27F (5′-CCTTGGAGTCTGGACAACTT-3′) and HoxA-
28R (5′-GAGAGGTTGAGGAATTTGCTC-3′) for rs12700795, CLK-5F
(5′-GACTATAGATGTTGATACAGGAGGC-3′) and CLK-6R (5′-GTAAGACA-
TAATCTTTATATCCAAAGGTTT-3′) for rs878403, TF-7F (5′-AGAACCAGGT-
GACCACAAGC-3′) and TF-8R (5′-TCAGAAAAAGGAGCATCAGGA-3′) for
rs3811658, BACE1-15F (5′-CTGGTATCTCAAGTCTGCCTTC-3′) and BACE-
16R (5′-CTGGGAATACTTAGCCTACCTTAGCTAGAGAATCCTAGGGGGT-3′)
for rs563838, TRAK1-5F (5′-GGCCAAGTTCTGAAATTTCTTT-3′) and
TRAK1-6R (5′-CTGGCAGCCACCCACTTT-3′) for rs1909116, HOXA-9F
(5′-GGTGTCAGAGCTTACTTAAAGGT-3′) and HOXA-10R (5′-
GGTAAACTTCTTTCAACAGACTGC-3′) for rs2522829, and IGF2-15F (5′-
CCACAGTGCCTGGTTTCC-3′) and IGF2-16R (5′-CCCAGGAAAGGGAC-
CAAAG-3′) for rs4601751, to generate PCR amplicons with sizes of 64,
63, 76, 84, 114, 104, 78, 100, 107 and 90 base pairs, respectively.
Mismatch nucleotide that is introduced in the primer sequence to create
an RFLP is indicated as an underlined letter. In order to reduce non-
speciﬁc ampliﬁcation, touchdown cycles were included after initial
denaturation at 94 °C for 4 min, consisting of 10 cycles of 94 °C for 20 s,
64 °C for 15 s and 72 °C for 20 s with a 0.5 °C decrement of every
annealing cycle. This was followed by 40 additional cycles under the
same conditions but the annealing step at 57 °C lasted 15 s. Individual
genomic DNA was genotyped for the corresponding SNPs after a RFLP
analysis with the corresponding enzyme. For the competitive PCRquantitation, a competitor, its target and an equimolar DNA mixture of
those two components were made by simple cloning of PCR amplicons
ampliﬁed with the primers, OCT4-QC-1F (5′-GTGGTGTGAAAAGGGAG-
GAT-3′) and OCT4-QC-2R (5′-GTGGAGGAAGCTGACAACAA-3′) for the
target, and a mismatch carrying (underlined) OCT4-QC-SNPF (5′-
GTGGTGTGAAAAGGCAGGATCCTGGAAGGGTTGGGTCTG-3′) and OCT4-
QC-2R on human POU5F1 locus. Competitive PCR was performed using
50 ng of each genomic DNA containing 50 fg of competitor DNA (4 kb in
length) using primers OCT4-QC-1F and OCT4-QC-2R under the same
touchdown PCR conditions described above. The target to competitor
ratio was determined by the MAAQ with the inclusion of a set of FRET
probes, OCT4-QC-S (5′-GGTTGGCTCTGGACCTTATCCCA-3′-Cy5) and
OCT4-QC-A (Fluorescin-5′-AGAACTGAGGAATTTCACTCCATCCCAC-3′-
phosphate).
Melting analysis for allele quantitation (MAAQ)
For the MAAQ of PCR fragments spanning the SNPs of interest,
5 μl of restricted DNAs were mixed with the same volume of dye
solution containing 5 nM of Syto® 9 (Invitrogen™), 25 mM of EDTA
and 10 mM of Tris (pH 8.0) followed by a melting procedure using a
Lightcycler® 2.0 instrument where the sample was held at 67 °C for
5 min and the temperature was thereafter raised at a continuous
increment at a rate 0.1 °C/s until 95 °C. For the MAAQ of competitive
PCR fragments, 5 μl of DNA was removed to the same volume of FRET
dye solution containing 0.4 nM of each FRET dye, 10 mM of EDTA and
10 mM of Tris (pH 8.0) for a subsequent melting procedure. The
melting process entailed denaturation at 94 °C for 5 s, annealing at
45 °C for 5 min and a continuous increment of temperature at a rate
of 0.1 °C/s until 65 °C. For each melting procedure, the amplicons of
two pure DNAs and an equimolar mixture thereof was employed
along with the samples of interest arranged with pure DNAs at either
end and the equimolar mixture at the center and the samples
between. The background adjusted ﬂuorescence values at the
530 nm channel for the samples and references were extracted
from the LightCycler Software 4.05 and normalized in a manner that
set the highest ﬂuorescence to 1 and lowest to zero and others
proportionally. The allele frequencies, γAw, were thus obtained from
the normalized melting curve using Eq. (2) described in the results
section and subsequently were subjected to the bias correction
described earlier.
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